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Although the purple pigments of the test (shell) and spines of the conmmon sea-urchin Echinw8 esculentus L. have attracted some attention they have not been unequivocally identified. In his pioneer investigations MacMunn (1885) noticed a red quinonoid pigment which he named echinochrome in the pernvisceral fluid of a number of sea-urchins; it was first isolated in crystalline form by McClendon (1912) from the ovaries of Arbacia pustulosa Leske, but it was not until much later that its empirical formula was established as C12H1007 (Ball, 1936; Glaser & Lederer, 1939; Tyler, 1939) . Kuhn & Wallenfels (1939 , 1940 isolated the same pigment, together with small amounts of two similar pigments, from the gonads of Paracentiotus lividus Lamarck and decided that it was 2-ethyl-3:5:6:7:8-pentahydroxy-1:4-naphthaquinone (I). Confirmation of this structure was obtained when Wallenfels & Gauhe (1943) achieved a synthesis of the pigment. Meanwhile, Lederer & Glaser (1938) isolated a new quinonoid pigment (spinochrome, spinochrome A, spinochrome P) from the spines and tests of the purple variety of P. lividus; this was confirmed by Musajo & Minchilli (1940) , who later isolated a further green pigment spinochrome P1 from the spines of the green variety of P. lividus.
Apart from MacMunn's ( 1885) work, the only other reports on the pigments of Echinus esculentus indicated that reduced echinochrome exists in the elaeocytes and that echinochrome itself is the pigment of the shell, dermis and spines (Lederer, 1940) .
It was because of the paucity of information regarding the pigments of E. esculentus that the. present investigation was undertaken. As the investigation proceeded it became apparent that two pigments were present in the tests and spines and that they were in fact spinochrome A (P) and spinochrome B (P1); no evidence for the presence of echinochrome was ever obtained. Authentic samples of these two pigments were obtained from Paracentrotu8 lividus and the opportunity was taken not only of recording their properties more fully than had been done previously, but also of determining their distribution in the olive-green and violet varieties of this urchin. Considerable confusion exists in the literature of sea-urchin pigments for two reasons: (i)-various names have been given at different times to the same pigment, and (ii) authors have often been unaware of the synonomy existing in the systematic naming of sea-urchins. In order to clarify the position, Table 1 , recording all the published information together with indications of synonomy in both chemical and systematic nomenclatures, has been compiled; names to be used in this paper are also indicated. The logical procedure has been adopted of identifying the pigments by adding the suffixes A, B, C, etc. after the general terms echinochrome and spinochrome, according to the order in which the pigments were isolated; this follows the procedure initiated by Kuhn & Wallenfels (1939) . Much less difficulty arises in this way than in adding a suffix indicating the species from which the pigment was first isolated. In this way difficulties soon arise, e.g. spinochrome 'P' (Paracentrotu8), has now been found in Echinus esculentus. The two group terms echinochrome and spinochrome have been accepted, for there appears to be good reason to believe that echinochromes occur only in the gonads and body fluid, whilst the spinochromes are characteristic of the spines and tests. The pigments obtained from Japanese sea-urchins (Kuroda & Oshima, 1940 ) are not considered at the moment because of doubt concerning their possible identity with pigments previously described. EXPERIMENTAL I8olation. of spinochromes A and B. A mixture of roughly broken tests and spines was first well washed with water, acetone and ethanol and then dissolved in 2N-HC1. The pigments were extracted into freshly redistilled ether which was then washed with small amounts of water until all the acid was removed. Care had to be taken not to overwash because, in the absence of acid, water extracts considerable amounts of pigment from the ether phase. The ethereal solution was dried over anhydrous Na%SO4 and the solvent removed in vacuo at room temperature. The residue was dissolved in a small volume of dry redistilled ether and the ruby-red solution chromatographed on a CaCO, (British Drug Houses Ltd., A.R.) column. On eluting with ether five fractions were obtained: (a) a violet zone (most strongly adsorbed), (b) a pink zone, (c) an olive-green zone, (d) a yellow zone and (e) a yellow filtrate. Similar chromatograms were obtained with both Echinus esculentu8 and Paracentrotus lividuw extracts although the relative amounts of (a) and (c) varied. The pigments (b), (d) and (e) were extremely minor constituents and were given only a cursory examination; little information could be obtained concerning (d) and (e), but (b) was characterized to some extent; (d) and (e) appear to be neither carotenoids nor naphthoquinones.
The developed column was extruded and the green, pink and violet zones separated and dissolved in N-HCI. The green and violet fractions were transferred to ether as previously described, and rechromatographed to remove final traces of impurities. After transferring the purified pigments to ether, the ether was removed and the pigments recrystallized three times from methanol. It should be noted that the olive-green pigment was obtained crystalline only from P.
lividus; it occurs in Echinus eaculentus only in traces.
The ruby-red pigment, which is violet on the column owing to the formation of a Ca salt, crystallized as fine dark violet rods, m.p. 1850 (Found: C, 51.5; H, 3-5. Calc. for C12HL008: C, 5141; H, 3.5 %) and appears to be identical with the pigment isolated by Glaser & Lederer (1939) , and by Musajo & Minchilli (1940) , and termed spinochrome and spinochrome P respectively; as explained earlier, we consider spinochrome A a more appropriate name. The general properties of these two pigments are recorded in Table 2 . Previously the absorption spectra of these compounds have been recorded only in the visible spectral region, and in the case of spinochrome B (P1) the solvent used was not specified. The complete spectra of these two pigments in ether are recorded in Fig. 1 and the absorption maxima in a number of other solvents are collected in Table 3 . As the shape as well as the position of the visible band of spinochrome P is altered according to the solvent, the spectrum of this band in a number of solvents is recorded in Fig. 2 ; spinochrome B shows no such differences in shape. The spectra of the two pigments in alkaline solution and when reduced are also recorded (Figs. 3, 4) . Being quinonoid derivatives the pigments are easily reducible with dithionite and equally rapidly reoxidized in air. By working very quickly in ethereal solution it was, however, possible to measure the spectra of the reduced forms. Fig. 6 .
Determination of the di8tribution of 8pinochromes A and B. The amounts of these two pigments in various samples of test and spines were determined using a spectrophotometric method based on a procedure described by Goodwin & Morton (1946) for the determination of tyrosine and tryptophan in proteins; this consists of measuring the absorption at two selected wavelengths, one of which is the isosbestic point of the system. In the present case when ether is the solvent the isosbestic point is at 435 m,u. and E 1 c. RESULTS AND DISCUSSION The distribution of spinochromes A and B in E. ewculentus and Paracentrotuw lividu8 are recorded in Table 4 . This work has demonstrated by isolation of the material in crystalline form that spinochrome A is the major pigment occurring in the spines and tests of Echinus esculentus; this does not confirm Lederer's (1940) short report that the pigment is echinochrome, but does verify Stern's unpublished observations (see Moore, 1937 ) that the pigment was slightly different from echinochrome. Spinochrome B, the orange-red component of the pigment system of Paracentrotus lividus spines was also identified in Echinus esculentus, but was not present in sufficient amounts for isolation.
The spinochrome A isolated from Paracentrotus lividus is identical with that isolated by Glaser & Lederer (1939) and Musajo & Minchilli (1940) ; spinochrome B is identical with spinochrome P1 isolated from olive-green P. Iividus by Musajo & Minchilli (1942) in all properties except melting point, but as the melting points of the leuco acetyl derivatives prepared by Musajo & Minchilli (1942) and ourselves are almost identical, it is reasonable to assume that the pigments are in fact identical.
The violet and olive-green colours encountered in the spines are due to the formation of salts between the pigments and the calcium of-the test and spines, the normal colour of the pigments being ruby red and orange red respectively. The formation of such salts is readily seen on chromatography of the pigments on calcium carbonate when they separate into bright violet and olive-green bands; even brighter colours are produced on magnesium carbonate. It is important to correct an impression given by the work of Musajo & Minchilli (1940 , 1942 that in the case of P. lividus, violet specimens contain only spinochrome B, whilst olive-green specimens contain both spinochromes A and B. The fact that both pigments exist in both variants is immediately apparent on chromatography of a crude extract, and is also apparent if the spines from the two varieties are examined closely. The spines of the olive-green animals always have a violet tip and in occasional cases this violet area can extend one-third of the way down the spine. In the violet animals the reverse is the case, small areas of olive-green pigments are always present at the base of the spines, while the rest is violet. The observation that the difference between the coloration of the violet and olive-green specimens is merely quantitative is well brought out in Table 4 . There is apparently no clear-cut biological differentiation between the two colour variants of P. lividus, but considering the relative positions of the pigments in the species, it may well be that they represent different developmental stages. It is also important to realize that Glaser & Lederer's (1939) suggestion that the olive-green coloration is due to a mixture of echinochrome A and spinochrome A cannot be correct.
Structures of spinochromes A and B. Spinochrome A is very similar in its properties to echinochrome A (I) and must differ only slightly from it in structure. The analytical results of Lederer & Glaser (1938) and of ourselves suggest that it contains an additional hydroxyl group compared with echinochrome A; 74 I950 1 mole of acetic acid is obtained on oxidizing 1 mole of the pigment (Lederer & Glaser, 1938; Musajo & Minchilli, 1940) which is consistent with a -CHOH.CH3 side chain. The spectroscopic data are consistent with the replacement of ethyl by -CHOH. CH, in position 2, for considerable work (e.g. see Spruit, 1949) has indicated that the introduction of varying saturated side chains into naphthaquinones has little effect on their absorption spectra and the visible spectrum of echinochrome A is, in position at least, very little different from that of spinochrome A; further, it should be noted that substitution of ethyl by methyl has no effect on the spectrum of echinochrome (Weygand, Vogelbach & Zimmerman, 1947) and that the complete spectrum of solanione (2-methyl-3-methoxy-6-(or 7-)-acetonyl-5:8-dihydroxy-1:4-naphthaquinone) is very similar to that of spinochrome A (Weiss & Nord, 1949) . According to Kuhn & Wallenfels (1941) Minchilhi's (1940) suggestion that no hydroxyl is present in position 3; it should be noted, however, that it is virtually impossible to decide from spectroscopic data alone whether an hydroxyl group is present or absent in position 3 (Spruit, 1949) .
Musajo & Minchilli (1942) consider that (III) represents the structure of spinochrome B; there are a number of reasons why this cannot be accepted; viz. (a) our analytical data cannot be reconciled with this structure; (b) the introduction of an acetyl group into position 2 of a naphthaquinone has little if any effect on its spectrum (Spruit, 1949) and thus the spectrum of spinochrome B should be very similar to that of spinochrome A; (e) spinochrome B exhibits an absorption band at 388 m,u. (not noted by Musajo & Minchilli (1942) who did not record its spectrum below 400 mu.) which is atypical of a simple hydroxy-substituted naphthaquinone (Spruit 1949) ; and (d) Musajo & Minchilli (1940, 1942) obtain very much less acetic acid on oxidation of the pigment than on oxidation of spinochrome A; according to Kuhn & Wallenfels's (1941) Any structure suggested for spinochrome B must attempt to explain, at least qualitatively, its atypical spectrum. The two most plausible structural types are (a) a hemiquinone and (b) a dihydroquinone. The pigment cannot be an ordinary hemiquinone because it ought to be easily oxidizable in air or by hydrogen peroxide to a pigment similar to spinochrome A; as this does not occur it is suggested that
the hydroxyl in position 4 may be methylated and thus the system is stabilized in a structure such as (V). Such a compound has been produced from benzoquinone by the action of Grignard reagent (e.g. see Karrer, 1938) . Regarding the second possibility, Kuhn & Wallenfels (1942) produced by the action of silver oxide on echinochrome A, a substance dihydroechinochrome (VI) which exhibits a band at 380-390 m,u. and an inflexion at about 420 m,. The analytical data rule out such a structure for spinochrome B, but (VII) may well be correct. It should be emphasized that we are here mainly concerned with suggesting the type of structure spinochrome B may possess; considerably more data are required before a complete structure can be suggested; lack of material has limited our investigations along these lines. The spectrum of the reduced form of spinochrome B is also consistent with a structure of the type (V) or (VII) for it displays only one band at 290 m,u. (Fig. 3 ). This band can be ascribed to absorption by the hydroxybenzenoid nucleus and there is no visible absorption band due to naphthol absorption (Spruit, 1949) because no such residue exists. This is in contrast to the spectrum of reduced spinochrome A which exhibits absorption bands characteristic of both hydroxybenzenes and naphthols.
The pigment which forms a pink calcium salt (pigment X) must be a naphthaquinone pigment because it exhibits very similar properties to spinochromes A and B (see Table 2 ); its absorption spectrum indicates that it is more closely allied to spinochrome A than to spinochrome B. We have refrained from naming it because it has not been isolated crystalline. SUMMARY 1. Five pigments have been detected in the seaurchins Echinua e8culentu8 and Paracentrotuw lividu8; of these three are naphthaquinone pigments and two are neither naphthaquinones nor carotenoids.
2. The two major pigments spinochromes A (P) and B (P1) are naphthaquinone derivatives and have been isolated and their properties, especially spectral, studied in detail.
3. The properties of the third naphthaquinone pigment which has not been isolated are reported.
4. A spectroscopic method for the determination of the amounts ofspinochromes A and B in a mixture of the two is described.
5. The distribution of the two major pigments in the spines and tests of Echinus esculentu8 and the olive-green and violet variants of Paracentrotus lividus has been examined.
6. The data obtained are consistent with the structure suggested by Kuhn & Wallenfels (1939) for spinochrome A, but not with that ascribed by Musajo & Minchilli (1942) to spinochrome B. Possible structures of spinochrome B are discussed.
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